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Abstract 
Distributed antenna diversity employs the separately installed, 
but cooperating antennas within a single base-station, which 
has been proved that the uplink capacity (per cell) in terms of 
maximum achievable SIR (signal-to-interference ratio) is 
linear with the number of deployed antenna units. While in 
the downlink, because of the multiple-Io-one propagation 
topology, equal power (transmission power at each antenna) 
allocation (providing equal SIR) in the base-station results in 
fixed SIR at the mobile terminal irrespective of the number of 
base-station antennas used. In this paper, a transmission 
scheme using optimal power allocation and SIR-balanced 
power control is proposed to increase the SIR by exploiting 
multiple base-station antennas. 
The downlink diversity (referred to as antenna-multipath 
diversity in this paper) transfers the antenna diversity to 
multipath diversity by utilizing the spread-spectrum signal 
property. If optimal, rather than equal, power allocation is 
employed with antenna-multipath diversity, the SOMA 
advantage can be exploited. The optimisation result shows 
that, for a particular u s e r ,  transmitting signal from one 
antenna instead of all base-station antennas gives better SIR 
performance. 
A simulation to verify t h i s  scheme has been undertaken to 
examine the SIR CDF. Comparing to the scheme (sending 
from all antennas), the result shows that for 8  users, this 
scheme yields improved SIR by 3dB with 5 antennas. The 
SIR advantage increases with increasing numbers of antennas 
and decreases, however, with increasing numbers of users in 
the cell. 
1 Introduction 
The distributed antenna represents a new base-station 
. architecture in which antenna units are widely dispersed 
through the cell. All the antenna units work collaboratively, 
h o w e v e r ,  via an o v e r l a y  transmission network as a sparse 
(irregular) array rather than as separate base-stations as in a 
conventional macro-diversity system. When adopted in a 
COMA system, the space diversity is realized using a 'rake' 
receiver in the form of multipath diversity. This is especially 
important because in t h e  downlink, where signals from the 
antenna units are summed at the mobile station, space 
diversity is difficult to achieve without compromising 
spectrum efficiency. (Some downlink diversity schemes will 
use orthogonal channels for each diversity branch because 
otherwise the single mobile station cannot resolve multiple 
signal branches). It is suggested in [I] that delay be 
intentionally introduced at each antenna so that each 
antenna's signal can be resolved as an individual path in a 
multipath signal at the mobile station. 
The use of a distributed antenna is expected to increase 
system capacity. Distributed antenna uplink capacity is 
systematically studied i n  [2] and [3]. For each user, the 
signals from all antenna units are combined. Under the 
assumptions of uncorrelated interference, unconstrained 
transmit power and full knowledge of the channel, a power 
control algorithm is proposed to achieve equal carrier-to­
interference ratio (CIR) for all users. The resulting CIR, and 
in consequence the capacity, is directly proportional to the 
number of base station antennas. 
The downlink s c e n a r i o ,  which i s  more  c o m p l i c a t e d  than t h e  
uplink, is seldom tackled. The signal structure is different 
f ro m  uplink in that the same signal goes to all users via 
different paths. To one particular user, signal and 
interferences travel via a common path and the CIR is 
determined by the power allocation in the base station. This 
suggests that no capacity gain can be derived from multiple 
base station antenna units in the downlink [4]. 
The above argument is based on the assumption that all 
antenna units transmit the same signal and if this assumption 
is relaxed the distributed antenna does have potential to 
improve downlink capacity. The wide separation of 
distributed antenna units provides the capability to combat 
shadowing [5] through shortening the average propagation 
path and increasing line-of-sight (LOS) probability. This 
means that this scheme more effectively delivers signals to. 
target mobiles (with less transmitted power and therefore 
reduced interference to co-channel users). The distributed 
antenna also has the same essential characteristic as space 
division multiple-access (SOMA) - increasing the attenuation 
of interfering signals using spatial separation. In CDMA 
systems capacity is restricted by interference and these two 
potential advantages translate to  capacity gain. In this paper, a 
transmission scheme based on optimal power allocation is 
proposed which achieves increased capacity by exploiting the 
geometry of the distributed antenna. 
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2 Optimal transmission scheme 
2 . 1  Antenna-muItipath diversity scheme 
To achieve transmission diversity, mobile stations need to 
resolve signals from the multiple antenna units. Some 
transmission diversities use an orthogonal channel f o r  each 
diversity branches which results in good diversity gain but 
compromises spectral efficiency. In CDMA systems delayed 
signals can be resolved in a RAKE receiver. By intentionally 
introducing time delays at each transmit antenna unit, signal 
branches are engineered to arrive at the receive antenna at 
different instants. Antenna diversity is thus transformed into 
multi path diversity. Hereafter this is referred to as antenna­
multipath transmission diversity. Based on this diversity 
scheme, an optimal transmit power scheme is now developed 
resulting in increased CIR and therefore increased capacity. 
2 . 2  Signal model 
Antenna-multipath diversity is used in the downlink. All 
antenna u n i t s  transmit signals to a particular mobile user (in 
general with different power). Interference between these 
signals is neglected (although this assumption is removed 
later). Noise is neglected. The signal power composition at 
the ith user is given by: 
Pi = 2:>im +  LL Pjm (1) 
m j  m 
i F ;  
where Pjm is the received power at the ih u s e r  onglllating 
from the m'h antenna unit. The CIR for i tn  user can be 
expressed as: 
LP;m 
Yj = � m �:- -_  
LLPjm 
j  m 
I ;J;. j  
( 2 )  
Each element of the channel gain matrix, r , is defined as the 
transmission loss between i t h  antenna unit and l mobile 
station antenna: [ a" 
r= : 
aKI 
= [;1 
a'M 1 
a�M KxM 
;MJM,aijER+ 
(3) 
The CJR also depends on the transmitted power at each 
antenna unit. For a given user each antenna unit may transmit 
different power. A power allocation matrix (PAM) e is 
defined. Each element qij is the ratio of the power allocated 
in antenna unitj'h to. the total power for {h user. 
(4) 
qij E  R+,IIe.111 = Lqij = 1 
j  
Vector P denotes the total transmitted power for each user. 
The pilot signal is neglected to show the power allocation 
among users only. 
t':::: [PI PM JM , Pi E  R+ (5) 
Taking e and P into equation (2), the resultant e I R  is: 
K 
PjLqika/<i 
k=l 
M K 
LPjLqjkakj 
j = 1  k=1 
j ;oi  
(6) 
Compared with a single antenna, there is one more degree of 
freedom. By choosing appropriate e and P, a maximal CIR 
can be obtained. A global optimisation (joint over all users' 
CIR) is prohibitively complex and so we consider a sub­
optimal solution, i.e. one of multiple separated optimisations. 
2 . 3  Optimal power allocation 
The optimisation objective is to choose e such that an 
efficient delivery of the signal is realized. Here we maximize 
the difference between the signal power received at the target 
user and the interference power at other (victim) users. 
A matrix Z is defined which is the product of e and r. 
Each element Z ij  is the total power of the ith user's signal 
recei ved at the l user's position. 
Z=
[ Z ; I ZI� ]=exr'Zij=L qimamj (7) ZMI ZMM J 
Maximizing the power difference is expressed a group of 
optimisations as: 
B; = ru:g max {Zij - L Z i j  } (8) 
B, j ", i  
Bj = ru:gmax{Bj X(?j -I;)} 
0 /  j ;t:. i  
The solution 8i• to (9) is: 
{I,m = arg max{a ji - La jn} 
qim = J  n ", i  
O,m = others 
(9) 
(10) 
The result suggests selective transmission, which is 
reasonable considering the distributed antenna, from the cell 
planning point of view, as a form of cell splitting without 
channel division. The reason that cell splitting can 
accommodate more users is that the separation of co-channel 
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base stations  provides isolation that enables channel reuse, 
Dividing users among antenna units (i.e. transmitting signals 
only to nearby mobile users) reflects the same essential 
principle. T h e  signal sending from one antenna unit 
experiences greater path loss to reach mobile users clustering 
around other antenna units. On average, this extra path loss 
will increase the CIR for each user. As the mobile station 
moves through the cell the division of users among antenna 
u n i t s  may change without reallocating channels. This gain 
cannot be obtained using eq ual power allocation since in that 
scheme since: 
1 
qij = K,Vi,j;Pi = pj'Vi,j 
Lajj 
(II) 
1 
This results CIR Y; = M -1 being the same as that 
achievable in the conventional (single antenna) case. 
Equal SIR power control 
e* gives an optimum division of users between antenna 
units. The resulting CIR still depends on the transmit power 
vector P which should yield equal CIR for all users. In the 
single antenna scheme, equal transmit power gives equal CIR. 
This is not the case in the distributed antenna scheme, as 
signals received at one mobile user are subject to different 
propagation paths. Using the intermediate matrix Z, (11) for 
the CIR of each mobile user is simplified, i.e.: 
(12) 
m 
The power vector P is constrained by Y; = rj Vi, j . After 
development, the following equation can be obtained: 
P;Zi =Yi(L PmZmi-PiZii) (13) 
m 
Yi " PiZii 
= (Yi + I)";' P m  Z m i  
We define a new diagonal matrix 
8=[Z;1 � 1 where Z= Zxfj-l 
o  ZMM MxM 
(14) 
(15) 
This is an eigenvalue problem Z X  P = J . P. As there may 
be more than one eigen-pair to this problem, there are some 
constraints for the tr ue solution X, i.e.: 
l. Since CIR is positive, the eigenvalue is must positive: 
�. _ Yi +  1 1 �. A --- :: :: ::>  <  /l,  (16) 
ri 
2. As the eigenvector is the transmit power, all entry of the 
eigenvector must be positive. 
3. To achieve optimal CIR, the minimum eigenvalue 
satisfying the above conditions is chosen as the solution . 
Because the elements of matrix Z  are all positive, it must have 
solution satisfying the above constraints [6]. The equal CrR 
result is: 1 
r= X -1 
3 Simulation and conclusion 
Simulation process 
(17) 
A snap shot simulation is used t o  evaluate this scheme. In a 
cell served by a distributed antenna the mobile stations, at 
each snap shot, are randomly placed (using a uniform spatial 
distribution). An inverse square law path-loss model is used 
to estimate the transmission loss matrix r . T h e  power 
allocation scheme is then used to  ob t a in the resulting eIR. 
The CIR cumulative distribution function (CDF) is obtained 
for each user capacity  (4,8, 16 and 32) and for I  to 5  antenna 
u n i t s .  
Results 
Figures 1 - 4  compare results for different antenna units and 
user dens ities . The CrR gain due to the power allocation 
scheme can be observed for each value of user  capacity. 
As user density (users/antenna) increases, the 90% 
availability gain  diminishes rapidly. This suggests a large 
number of antenna units should be used to achieve high 
capacity gain. It is also observed that the COF of the single 
antenna case is a step function while those for the multiple 
antenna cases are steeply sloped curves. This suggests that the 
CrR f o r  mUltiple antenna units depends on the distribution of 
users while for the single antenna it doesn't. When the users 
are clustered around multiple antenna units this will therefore 
give large capacity improvement. This is often the case in 
urban areas where user locations are constrained to be on 
streets or inside buildings. 
Conclusions 
Selective transmissio n  in an antenna-multipath diversity 
scheme can achieve improved system capacity. With 
appropriate (and realistic) user distribution the distributed 
antenna, however, can achieve even better capacity 
performance. 
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